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by the detecting unit in the second mode.



WO 2010/150483 A2 I 0000 )00 00 T 0 AU

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, Published:

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2010/150483 PCT/JP2010/003977

Description

Title of Invention: IMAGE PICKUP APPARATUS AND IMAGE
PICKUP METHOD USING OPTICAL COHERENCE TO-
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MOGRAPHY
Technical Field

The present invention relates to an image pickup apparatus and an image pickup
method using optical coherence tomography and, in particular, to an image pickup
apparatus and an image pickup method using optical coherence tomography and used

for examining the eye fundus or the skin.

Background Art

In these days, image pickup apparatuses using optical coherence tomography
(hereinafter referred to as "OCT apparatuses") are in practical use. Optical coherence
tomography is an interferometric technique using low coherence light. Since OCT ap-
paratuses can obtain a tomographic image with a resolution level that is substantially
the same as the wavelength of light made incident on a specimen, the OCT apparatuses
can capture a tomographic image with a high resolution.

For example, an OCT apparatus including a probe that repeatedly emits and receives
a light beam is described in PTL 1. PTL 1 also describes the following problem. That
is, even when the intensity of an output measurement light beam is within the range
that does not damage a body tissue, the body tissue may be somewhat affected by the
light beam if the light beam is continuously emitted to the tissue.

To solve this problem, the OCT apparatus controls a blocking unit that blocks a light
beam transmitted to a probe in accordance with whether the probe is connected to the
apparatus. Thus, if the probe is not connected to the apparatus, a light beam emitted to
the outside of the apparatus can be blocked. Accordingly, the above-described negative

impact on the human body can be prevented.
Citation List

Patent Literature
PTL 1: Japanese Patent Laid-Open No. 2009-66014
Summary of Invention
As described above, medical apparatuses need to detect the state of a light beam
emitted to the outside of an OCT apparatus from a clinical diagnosis point of view.
However, medical apparatuses also need to detect the state of the OCT apparatus and,
in particular, detect the state of a measurement light beam and detect whether the OCT

apparatus malfunctions.
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Accordingly, the present invention provides a device capable of correctly detecting
the state of an OCT apparatus in a simple manner.

According to an embodiment of the present invention, an image pickup apparatus for
capturing an image of a specimen using optical coherence tomography is provided.
The image pickup apparatus includes a light source configured to generate a light
beam, a separating unit configured to separate the light beam emitted from the light
source into a measurement light beam and a reference light beam, a detecting unit
configured to detect a combined light beam of a return light beam from the specimen
and the reference light beam, and a switching unit configured to switch between a first
mode in which the combined light beam is detectable by the detecting unit and a
second mode in which the reference light beam is detectable by the detecting unit.

The image pickup apparatus is switchable to the first mode on the basis of an
intensity of the reference light beam detected by the detecting unit in the second mode.

According to another embodiment of the present invention, an image pickup
apparatus for capturing an image of a specimen using optical coherence tomography is
provided. The image pickup apparatus includes a light source configured to generate a
light beam, a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam, and a detecting
unit configured to detect the reference light beam. The measurement light beam is led
to the specimen on the basis of the intensity of the reference light beam detected by the
detecting unit.

According to still another embodiment of the present invention, an image pickup
apparatus for capturing an image of a specimen using optical coherence tomography is
provided. The image pickup apparatus includes a light source configured to generate a
light beam, a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam, and a light
intensity detection light detecting unit configured to detect a light intensity detection
light beam obtained by separating the reference light beam. The measurement light
beam is led to the specimen on the basis of the intensity of the light intensity detection
light beam detected by light intensity detection light detecting unit, or an intensity of
the measurement light beam led to the specimen is reduced.

According to yet still another embodiment of the present invention, an image pickup
apparatus for capturing an image of a specimen using optical coherence tomography is
provided. The image pickup apparatus includes a light source configured to generate a
light beam, a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam, a wavelength
selection reflecting unit configured to receive an inspection light beam obtained by

separating the measurement light beam, and a detecting unit configured to detect a
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combined light beam of a return inspection light beam from the wavelength selection
reflecting unit and the reference light beam.
According to yet still another embodiment of the present invention, an image pickup

method for capturing an image of a specimen using optical coherence tomography is
provided. The method includes the steps of generating a light beam, separating the
generated light beam into a measurement light beam and a reference light beam,
detecting the reference light beam, and leading the measurement light beam onto the
specimen on the basis of an intensity of the detected reference light beam.

According to yet still another embodiment of the present invention, an image pickup
method for capturing an image of a specimen using optical coherence tomography is
provided. The method includes the steps of generating a light beam, separating the
generated light beam into a measurement light beam and a reference light beam,
detecting a light intensity detection light beam obtained by separating the reference
light beam, and one of leading the measurement light beam to the specimen on the
basis of the intensity of the detected light intensity detection light beam and reducing
an intensity of the measurement light beam led to the specimen.

According to the present invention, the state of an OCT apparatus can be correctly
detected using a simple configuration.

Further features of the present invention will become apparent from the following de-
scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings
[fig.1]Fig. 1 is a diagram illustrating an optical system of an image pickup apparatus
according to a first embodiment of the present invention.
[fig.2]Fig. 2 is a flowchart of the first embodiment of the present invention.
[fig.3]Fig. 3 illustrates spectrum data of the first embodiment of the present invention.
[fig.4]Fig. 4 is a flowchart of a second embodiment of the present invention.
[fig.5]Fig. 5 is a diagram illustrating an optical system of an image pickup apparatus
according to a third embodiment of the present invention.
[fig.6A]Fig. 6A is a diagram illustrating an optical system of an image pickup
apparatus according to a fourth embodiment of the present invention.
[fig.6B]Fig. 6B is a diagram illustrating an optical system of an image pickup
apparatus according to a fifth embodiment of the present invention.
[fig.7A]Fig. 7A illustrates spectrum data of the fifth embodiment of the present
invention.
[fig.7B]Fig. 7B illustrates spectrum data of the fifth embodiment of the present
invention.

[fig.7C]Fig. 7C illustrates spectrum data of the fifth embodiment of the present
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invention.
Description of Embodiments

According to embodiments of the present invention, an image pickup apparatus that
uses optical coherence tomography (hereinafter also referred to as an "image pickup
apparatus for capturing an image of a specimen using optical coherence tomography) is
described with reference to Fig. 1. Note that in Fig. 1, the structure of a Michelson in-
terferometer is shown. However, the present invention is applicable to the structure of
a Mach-Zehnder interferometer shown in Fig. 5. In addition, the present invention is
applicable to the structure of a multi-beam optical system shown in Fig. 6A.
Configuration of Image Pickup Apparatus

A light source 101 generates light (low coherence light). A super luminescent diode
(SLD) can be used as the light source 101. Alternatively, an amplified spontaneous
emission (ASE) can be used as the light source 101. Still alternatively, an ultra-short
pulse laser, such as a titanium-sapphire laser, can be used as the light source 101. In
this way, any light source that generates low coherence light can be used as the light
source 101. In addition, the wavelength of light emitted from the light source 101 is
not limited to any particular value. However, the wavelength of light is in the range of
400 nm to 2 mm. Note that as the range of the wavelength increases, the vertical
resolution is more improved. In general, when the center wavelength is 850 nm, the
resolution in the air is 6 mm in the range of 50 nm. The resolution in the air is 3 mm in
the range of 100 nm.

A separating unit 104 separates the light emitted from the light source 101 into a
measurement light beam 114 and a reference light beam 113. For example, a beam
splitter or a fiber coupler can be used as the separating unit 104. In this way, any
device that separates light can be used as the separating unit 104. In addition, the
separation ratio can be optimally determined for the separating unit 104 in accordance
with the specimen.

A detection unit 111 detects a combined light beam of a return light beam 115 from
the specimen (an eye 119 of a person being tested) and the reference light beam 113.
When a spectral domain OCT (SD-OCT) (post-spectroscopy system) is employed, the
detection unit 111 (a spectrometer) includes a spectroscopic component for separating
the combined light beam. At that time, for example, a diffraction grating or a prism can
be used as the spectroscopic component. That is, any device that separates a light beam
can be used as the spectroscopic component. The detection unit 111 further includes a
sensor for detecting a light beam that is separated by the spectroscopic component. For
example, a line sensor or a two-dimensional sensor can be used as the sensor. Any

device that detects light can be used as the sensor.
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In contrast, when a source swept-OCT (SS-OCT) (a pre-spectroscopy system), which
is one of FD-OCTs, is employed, a light source that generates light beams having
different wavelengths at different points of time is used. Accordingly, combined light
beams of any of the generated light beams can be detected using a sensor, such as a
photodiode. At that time, the above-described spectroscopic component is not needed
in order to acquire spectrum information. Alternatively, when a time domain OCT
(TD-OCT), which is different from FD-OCT, is employed, the detection unit 111 can
be formed from a sensor, as in the SS-OCT.

According to the present embodiment, the image pickup apparatus further includes a
switching unit 116 that switches between a first mode in which the return light beam
115 is combined as described above (i.e., a mode in which the return light beam 115 is
led to the separating unit 104) and a second mode which is different from the first
mode. That is, the switching unit 116 can switch between the first mode in which the
combined light beam can be detected using the detection unit 111 and a second mode
in which the reference light beam 113 can be detected using the detection unit 111.

In addition, according to the present embodiment, the image pickup apparatus can
lead the measurement light beam 114 to the specimen 119 on the basis of the intensity
of the reference light beam 113 detected by the detection unit 111.

For example, a switching unit 116 can block the optical path of the measurement
light beam 114. At that time, the second mode represents a block mode. Furthermore, it
is desirable that the switching unit 116 be configured so as to be able to control the
transmission ratio of the measurement light beam 114. In such a case, a shutter
described below can be used as the switching unit 116. That is, the switching unit 116
is configured so as to be able to change the intensity of the measurement light beam
114 that is led to the specimen 119.

Still furthermore, the switching unit 116 may include a reflecting member, such as a
mirror, for reflecting the measurement light beam 114. At that time, it is desirable that
the second mode be switched to the first mode on the basis of the reference light beam
113 detected by the detection unit 111 and the reflected measurement light in the
second mode. In addition, when the transmission ratio is controlled, a rotary shutter
having a circular hole can be used. At that time, it is desirable that a filter selected on
the basis of the transmission ratio be mounted in the circular hole.

Yet still furthermore, the switching unit 116 may be configured so as to be able to
change the optical path of the measurement light beam 114. At that time, the second
mode represents the changed mode. In such a case, for example, a scanning optical unit
(e.g., an XY scanner 108) for scanning the measurement light beam 114 over the
specimen 119 can be used as the switching unit 116. However, any device that changes

the optical path can be used.
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Thus, according to the present embodiment, the image pickup apparatus can switch
between the first mode and the second mode. Alternatively, it is desirable that the
image pickup apparatus include a control unit 117 for controlling the switching unit
116 that switches between the first mode and the second mode. At that time, the
control unit 117 switches the second mode to the first mode in accordance with the
intensity of the reference light beam 113 detected by the detection unit 111 in the
second mode. Alternatively, the control unit 117 may switch the first mode to the
second mode in accordance with the intensity of the combined light beam detected by
the detection unit 111 in the first mode. That is, the control unit 117 is configured so as
to be able to reduce the intensity of the measurement light beam 114 led to the
specimen 119. As used herein, the term "reducing the intensity of a light beam" refers
to blocking a light beam as described above or decreasing the transmission ratio.

In this way, the intensity of the reference light beam 113 detected by the detection
unit 111 can be detected. Accordingly, the state of the light source 101 and the state of
the sensor can be detected. As a result, malfunction of the apparatus can be correctly
detected using a simple configuration.

At that time, it is desirable that a comparing unit be provided for comparing the
intensity of the reference light beam 113 detected by the detection unit 111 with a pre-
determined setting value (described in more detail below with reference to step AS
shown in Fig. 2). By using a value for determining whether malfunction occurs as the
setting value (a reference value), the occurrence of malfunction of the apparatus can be
detected.

If, at that time, the intensity of the light beam is within the range of the setting value,
it is desirable that the second mode be changed to the first mode. In addition, if the
intensity of the light beam is outside the range of the setting value, it is desirable that
the second mode remains unchanged. This is because if the intensity of the reference
light beam 113 is higher than the setting value, the intensity of the light beam higher
than a required intensity may be emitted to the outside of the apparatus.

Image Pickup Method 1

According to the present embodiment, an image pickup method using optical
coherence tomography includes at least the following steps a) to e):

a) blocking or changing the optical path of the measurement light beam (e.g., step Al
shown in Fig. 2)

b) generating a light beam (e.g., step A3 shown in Fig. 2)

¢) separating the generated light beam into the measurement light beam and the
reference light beam (e.g., step A3 shown in Fig. 2)

d) detecting the intensity of the reference light beam (e.g., step A3 shown in Fig. 2)

e) changing a mode in which the optical path of the measurement light beam is
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blocked or changed to a different mode in accordance with the intensity of the detected
reference light beam (e.g., step A6 shown in Fig. 2)

In addition, it is desirable that the image pickup method further include the following
steps f) to i):

f) comparing the intensity of the detected reference light beam with a setting value
(e.g., step A5 shown in Fig. 2)

g) switching the mode in which the optical path of the measurement light beam is
blocked or changed to a different mode (e.g., step A6 shown in Fig. 2)

h) detecting a combined light beam of the returning light from the specimen and the
reference light beam (e.g., step A7 shown in Fig. 2)

1) forming a tomographic image from the detected combined light beam (e.g., step
A7 shown in Fig. 2)

Note that step a) may be continuously performed by turning on a light source for
generating the light beam at all times. In addition, as a method for controlling the
image pickup apparatus according to the present embodiment, which defines the
sequence of processes performed by the processing unit, steps e) to i) may be
performed.

Storage Medium and Program

According to another embodiment, the image pickup method according to the above-
described embodiment may be realized in the form of a program to be executed by a
computer, and the program may be stored in a computer-readable recording medium
(e.g., a flexible disk, a hard disk, an optical disk, a magnetooptical disk, a compact
disk-read only memory (CD-ROM), a compact disk recordable (CR-R), a magnetic
tape, a nonvolatile memory card, a read only memory (ROM), an electrically erasable
programmable read-only memory (EEPROM), or a Blu-ray disk). According to still
another embodiment, a program that causes a computer to perform the image pickup
method according to the above-described embodiment is provided.

Embodiments

Embodiments of the present invention are described below.
First Embodiment: Michelson Interferometer

An image pickup apparatus using optical coherence tomography according to a first
embodiment is described next with reference to Fig. 1. Fig. 1 is a schematic illustration
of an image pickup apparatus using an optical system of a Michelson type (a
Michelson interferometer) according to the present embodiment.

A light beam emitted from the light source 101 passes through a lens 103-1 and is
separated into the measurement light beam 114 and the reference light beam 113 by the

separating unit (a beam splitter) 104. The measurement light beam 114 reaches the eye



WO 2010/150483 PCT/JP2010/003977

[0039]

[0040]

[0041]

[0042]

119 via the XY scanner 108 and an objective lens 105. Note that the measurement light
beam 114 can be blocked by the switching unit (a shutter) 116. The shutter 116 is
controlled by the control unit 117. The control unit (a shutter control unit) 117 receives
a signal from a computer 112. It is appreciated that hardware different from the
computer 112 may transmit the signal to the shutter control unit 117. In such a case, by
directly computing data received from the spectrometer 111, the state of the apparatus,
such as malfunction, can be detected early.

In the present embodiment, when the measurement light beam 114 is blocked, the
return light beam 115 is not generated and, therefore, the measurement light beam 114
does not enter the optical path. As used herein, the term "blocking" refers to not
outputting the measurement light beam 114 from the body of the apparatus. In place of
disposing a shutter serving as a blocking member in the optical path, the optical path of
a light beam may be changed by a mirror, and the light beam may be emitted onto a
light shielding member. Alternatively, a member that absorbs a light beam may be
disposed. Sill alternatively, in some cases, a mirror may be disposed, and the light
beam may be returned back along the light path.

When a light path is blocked, the return light beam 115 and a stray light beam can be
prevented from entering the light path. As used herein, the term "stray light beam"
refers to a light beam emitted from a light emitter, such as a fluorescent lamp, a
display, or the sun, regardless of the presence of a specimen.

If blocking of the measurement light beam 114 is deactivated, the measurement light
beam 114 passes through the XY scanner 108, the objective lens 105, and a cornea 118
and reaches a retina 120. The measurement light beam 114 is scattered and reflected by
the retina 120 so as to form the return light beam 115. The return light beam 115
travels to the beam splitter 104 via the objective lens 105 and the XY scanner 108. In
addition, the return light beam 115 is led to the spectrometer 111 via a lens 103-2. The
spectrometer 111 includes a lens, a grating, and an image sensor. A charge-coupled
device (CCD) line sensor or a complementary metal-oxide semiconductor (CMOS)
line sensor is used as the image sensor.

In addition, the reference light beam 113 passes through dispersion compensating
glass 107. Thereafter, the reference light beam 113 is reflected by a reference mirror
109 and passes through the dispersion compensating glass 107 again. Thus, the
reference light beam 113 returns back to the beam splitter 104. The dispersion com-
pensating glass 107 is used to compensate for the dispersion of the eye and the
objective lens 105. The reference mirror 109 can control the optical path length of the
reference light beam using a mirror adjusting mechanism 110. Note that in the mea-
surement light beam path, a point at which the reference light beam path length is

equal to the measurement light beam path length is referred to as a "coherence gate".
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When the retina of the eye is examined, the coherence gate is set so as to be close to
the retina. The reference light beam 113 and the return light beam 115 are combined by
the beam splitter 104, and the combined light beam is led to the spectrometer 111.

A super luminescent diode (SLD), which is a typical low coherent light source, is
used as the light source 101. In terms of the wavelength of the light source 101, for
example, the center wavelength is 840 nm, and the bandwidth is 50 nm. Note that the
bandwidth serves as an important parameter since the bandwidth has an effect on the
resolution of the obtained tomographic image in the optical axis direction. In addition,
in the present embodiment, an SLD is selected as the light source 101. However, any
light source that emits a low coherent light beam can be used. For example, an
amplified spontaneous emission (ASE) can be used. In addition, depending on the type
of specimen, another light source, such as a halogen lamp, can be used. However, since
the wavelength has an effect on the resolution in the transverse direction of the to-
mographic image, it is desirable that a short wavelength be used if the resolution in the
transverse direction is important.

The computer 112 controls the spectrometer 111, the XY scanner 108, the shutter
control unit 117, the mirror adjusting mechanism 110, and a focus control mechanism
106. In addition, as general functions of a computer, the computer 112 can receive
data, process an image, display an image, and store data.

Image Pickup Method 2

An exemplary image pickup method according to an embodiment of the present
invention is described next with reference to a flowchart shown in Fig. 2. In particular,
a method for acquiring a spectrum and controlling the shutter is described.

In step Al, measurement is started. In this step, it is desirable the light source 101,
the spectrometer 111, the XY scanner 108, the mirror adjusting mechanism 110 be ini-
tialized.

Subsequently, in step A2, the shutter 116 is closed. In this mode, a spectrum can be
obtained without unwanted stray light appearing in the measurement optical path.

In step A3, a spectrum is acquired. In this step, the shutter 116 is closed, and the
reference light beam 113 is acquired. When the line sensor of the spectrometer 111 has
2048 pixels, strength data of 2048 components can be acquired. Fig. 3 illustrates
spectrum data of the reference light beam 113, which forms a spectrum shape having
two peaks. The abscissa represents a pixel, and the ordinate represents the gray level,
which correspond to the wavelength and the intensity of light, respectively. The pixel
ranges from O to 2047. The gray level is 12 bits and, therefore, it ranges from O to
4095. The shape of a spectrum differs in accordance with a light source. In addition,
the specification of the line sensor of a spectrometer differs. Accordingly, these values

are not limited to the above-described ones. While the present embodiment is
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described with reference to a spectrometer, a photodiode or an avalanche photodiode
can be used when a time domain method or a swept source method is employed.

In step A4, computation is performed on the spectrum obtained in step A3. In the
present embodiment, 2048 array data items are averaged. In Fig. 3, the average value is
1437. Note that it is not always necessary that all the items are averaged. For example,
the pixels 350 to 1373 may be selected as the first range 301, and the values of the
pixels 350 to 1373 may be averaged. At that time, the average value is 2446. By de-
creasing the range in this manner, the sensitivity of detecting malfunction can be
increased.

Furthermore, every predetermined number of pixels may be grouped and averaged.
For example, a second range 302 from pixels 200 to 711 and a third range 303 from
pixels 980 to 1491 may be set. The average values of the pixels in the two ranges are
2071 and 2436. By separating the pixels into small ranges in this manner, malfunction
can be analyzed in more detail. In addition, in stead of averaging, addition or multi-
plication may be performed. Alternatively, the maximum value, the local maximal
value, or the local minimum value may be computed.

In step AS, it is determined whether the resulting value computed in step A4 satisfies
a predetermined condition. In the present embodiment, it is determined whether the
resulting value computed in step A4 satisfies the setting value (the reference value),
that is, whether the resulting value is within the range of the reference value. When the
number of the setting values is one and if the resultant value exceeds the setting value,
it is determined that malfunction occurs. At that time, the processing proceeds to step
E1. For example, it is estimated that the malfunction is caused by excess intensity of
light. However, if the resultant value does not exceed the setting value, the processing
proceeds to step A6. For example, when the setting value is determined to be 2000 for
the average value in the entire range, the value 1437 is lower than the value 2000. Ac-
cordingly, the processing proceeds to step A6.

Two setting values can be used. In such a case, setting values 1 and 2 are set so that
the setting value 1 < the setting value 2. If the resulting value is greater than the setting
value 2, it is determined that malfunction occurs, and the processing proceeds to step
El. In such a case, for example, it is estimated that the malfunction occurs in the light
source 101. If the resulting value is less than the setting value 1, it is also determined
that malfunction occurs, and the processing proceeds to step E1. In such a case, for
example, it is estimated that the intensity of light decreases to an insufficient level or
the sensitivity of the line sensor of the spectrometer 111 has been degraded. However,
if the resultant value is between the setting value 1 and the setting value 2, the
processing proceeds to step A6.

A setting value is set for each of the ranges, such as the second range 302 and the
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third range 303. At that time, if the resulting value does not satisfy one of the setting
values, it is determined that malfunction occurs, and the processing proceeds to step
El. In such a case, for example, it is estimated that the line sensor of the spectrometer
111 has been rotated about the optical axis.

In step E1, error processing is performed. In the error processing, it is confirmed that
the shutter 116 is closed, and an error message is displayed. Thereafter, the light source
is turned off as needed, and a completion process is performed.

In step A6, the shutter 116 is made open. In this step, a measurement light beam is
emitted to the specimen. The return light beam enters the measurement optical path,
and the combined light beam can be measured.

In step A7, a tomographic image is captured. In this step, alignment processes, such
as alignment of the coherence gate, focus control, and visual fixation, are performed.
Subsequently, a tomographic image is captured. The spectrum is obtained in synchro-
nization with the movement of the XY scanner 108. If the image is captured with the
XY scanner 108 being continuously moved along one axis (e.g., the X-axis), a two-
dimensional image can be obtained. When the X direction is set to Fast-Axis and the Y
direction is set to Slow-Axis and if the image is captured, a three-dimensional image
can be captured. After the process in step A7 is completed, the processing proceeds to
step AS.

Generally speaking, a tomographic image can be obtained as follows. First, data
items acquired from a line sensor that are evenly spaced with respect to the wavelength
are converted into a wavenumber spectrum in which data items are evenly spaced with
respect to the wavenumber. Subsequently, a fast Fourier transform (FFT) process is
performed, and a required range is retrieved. At that time, noise is removed, and image
correction is performed as needed. In addition, all image processing may be performed
after the data items are acquired.

In step A8, it is determined whether input of data into the computer 112 by an
examiner is completed or not. If the image of the other eye is captured or if the image
of the eye of another person is captured, the processing returns to A7, where another
tomographic image is captured. If the process is to be completed, the processing
proceeds to step A9.

In step A9, the measurement is completed. At that time, it is desirable that the light
source 101, the spectrometer 111, the XY scanner 108, the mirror adjusting mechanism
110, and the focus control mechanism 106 are initialized.

In this way, by using the data acquired from the line sensor of the spectrometer 111
that captures a tomographic image, the state of the measurement light beam and the oc-
currence of malfunction of the apparatus can be determined, and the shutter 116 can be

open or closed. Accordingly, additional hardware is not required and, therefore, the
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cost of the apparatus is not increased. In particular, since the state of the measurement
light beam and the occurrence of malfunction of the apparatus can be detected by using
only the measurement values obtained from the line sensor, the state of the mea-
surement light beam and the occurrence of malfunction of the apparatus can be more
correctly detected.

Second Embodiment: Detection of Malfunction at Startup Time and Prior to

Measurement

[0061]

[0062]

[0063]
[0064]

[0065]

[0066]

An image pickup method using optical coherence tomography according to a second
embodiment is described next with reference to Fig. 4. In particular, acquisition of a
spectrum and control of a shutter are described. In the present embodiment, a
difference between the first embodiment and the present embodiment is mainly
described. The present embodiment differs from the first embodiment in that the state
of the apparatus is detected at a startup time and prior to measurement.

When the apparatus is started, the apparatus is not frequently in the steady state,
since the line sensor of the spectrometer 111 and the light source are not sufficiently
warmed up. Accordingly, the reliability of detecting the state may be decreased. In
addition, if the state is detected only at a startup time, the occurrence of malfunction
during use cannot be detected. However, if the state is detected in detail at every
detection time, much time is required. Accordingly, it is efficient if the state is detected
in detail at a startup time and, subsequently, only simple malfunction detection is
performed.

In step B1, measurement is started.

In step B2, the spectroscopic spectrum is acquired. When the spectrum is acquired, it
is desirable that the measurement be performed after a warming up operation (an
operation performed for a certain period of time under low load conditions) is
performed for about 10 minutes and the apparatus enters a normal state. In this step,
the measurement light beam 114 is blocked, and no return light beam 115 output from
a specimen is measured.

In step B3, computation is performed on the spectrum obtained in step B2. First, the
acquired spectrum is separated for each of a predetermined number of pixels. At that
time, the spectrum is separated into 8 sections, each including 256 pixels. The average
value is computed for each of the ranges. Thereafter, the local maximum value and the
local minimum value are obtained. In addition, the derivative value of the spectrum is
computed. In the present embodiment, a difference in value between a pixel and the
neighboring pixel is computed.

In step B4, it is determined whether the apparatus malfunctions. For example, if the

average value for each of the sections is within a predetermined range, it is determined
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that the apparatus does not malfunction at a startup time. In addition, if each of the
pixel positions of the local maximum value and the local minimum value, the gray
level, and the derivative value is within a predetermined setting range, it is determined
that the apparatus does not malfunction at a startup time, and the processing proceeds
to step B5. However, if these conditions are not satisfied, the processing proceeds to
step E2, where error processing is performed.

In step E2, it is determined whether the shutter 116 is closed. If necessary, the
completion process of the apparatus is performed. First, the gray level of each of the
sections is compared with the setting value of the section. If some or all of the gray
levels are lower than the setting values, it is estimated that the light source 101 has
been degraded or the sensitivity of the line sensor of the spectrometer 111 has been
degraded. However, if some or all of the gray levels are higher than or equal to the
setting values, it is estimated that the transmission ratio is increased due to, for
example, loss of one of the optical components. As the number of the sections
increases, the accuracy of detection of the state can be increased.

Subsequently, by comparing each of the pixel positions of the local maximum value
and the local minimum value with the predetermined value thereof, it can be estimated
that the position of the line sensor has been shifted or the focus of the spectrometer 111
has been shifted. Since a pixel of the line sensor of the spectrometer 111 is as small as
10 micrometers in size, the position of the pixel is easily shifted by a change in tem-
perature. Thus, such failure may occur.

In addition, using the derivative value of the spectrum, it can be estimated that a
circuit of the line sensor of the spectrometer 111 malfunctions. If noise increases due
to degradation of a circuit component or an inappropriate layout of a ground line, such
failure may occur.

In step B5, a spectrum is acquired. From this step, the state of the apparatus is
detected prior to acquisition of a tomographic image, not at the startup time.

In step B6, computation is performed on the spectrum obtained in step BS5. In this
case, simple computation is sufficient, since accurate measurement has been performed
at the startup time. Each of the local maximum value and the local minimum value is
compared with the setting value thereof. Note that in general, patient information is
input before a tomographic image is captured. Accordingly, the state of the apparatus
can be detected at that time.

In step B7, it is determined whether the apparatus malfunction. In this step, if one of
the average value of pixel strength signals, the local maximum value, and the local
minimum value, and the derivative value in each section is within a setting range, the
processing proceeds to step BS. If the value is outside the setting range, the processing

immediately proceeds to step E3.
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In step B8, the shutter 116 is made open.

In step B9, a tomographic image is captured. In this step, alignment processes, such
as alignment of the coherence gate, focus control, and visual fixation, are performed.
Subsequently, a tomographic image is captured. The spectrum is obtained in synchro-
nization with the movement of the XY scanner 108.

In step B10, the shutter 116 is closed. This is done because when the processing
returns to step B5 after the subsequent step B11 is performed, a spectrum is acquired
with the shutter 116 closed.

In step B11, it is determined whether input of data into the computer 112 by an
examiner is completed or not. If the image of the other eye is captured or if the image
of the eye of another person is captured, the processing returns to B5, where another
tomographic image is captured. If the process is to be completed, the processing
proceeds to step B12.

In step B12, the measurement is completed.

According to the present embodiment, the state of the apparatus is accurately
detected at a startup time, and the state of the apparatus is simply detected prior to
measurement. Accordingly, a correct and reproducible tomographic image can be
captured regardless of when the tomographic image is captured. In addition, if the
apparatus malfunctions, the measurement light beam can be prevented from traveling
to the outside of the apparatus by controlling the shutter 116.

Third Embodiment: Mach-Zehnder Interferometer

An image pickup apparatus using optical coherence tomography according to a third
embodiment is described next with reference to Fig. 5. Fig. 5 is a schematic illustration
of the image pickup apparatus using an optical system of a Mach-Zehnder type (a
Mach-Zehnder interferometer) according to the present embodiment. A difference
between the present embodiment and the first embodiment is mainly described. This
optical system further includes a unit for determining whether the light source mal-
functions.

A light beam emitted from the light source 101 passes through an optical splitter 504
and a fiber coupler 501-1 and is separated into a measurement light beam 507 and a
reference light beam 506. The light beam separated by the optical splitter 504 is
detected by a detector 505. In the present embodiment, the power of the light source is
detected using a photodetector. A detection signal is input to the computer 112. When
the light source includes a power monitor, the output of the power monitor may be
input to the computer 112. Note that a different hardware may be used in place of the
computer 112.

The measurement light beam 507 is input to a first port of a circulator 502-2 and is

output from a second port of the circulator 502-2. Thereafter, the measurement light
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beam 507 reaches a lens 503-2. When blocking of light performed by the shutter 116 is
deactivated, the measurement light beam 507 passes through the XY scanner 108, the
objective lens 105, and the cornea 118 and reaches the retina 120. The measurement
light beam 507 is scattered and reflected and forms a return light beam 508. The return
light beam 508 passes through the objective lens 105 and the XY scanner 108 in the
opposite direction and enters the second port of the circulator 502-2. Thereafter, the
return light beam 508 is output from a third port of the circulator 502-2 and reaches a
fiber coupler 501-2.

In addition, the reference light beam 506 passes through a circulator 502-1, a lens
503-1, and the dispersion compensating glass 107 and is reflected by the reference
mirror 109. The reflected reference light beam 506 returns back to the lens 503-1 and
the circulator 502-1 through the dispersion compensating glass 107. Thereafter, the
reference light beam 506 reaches the fiber coupler 501-2. The reference mirror 109 can
adjust the optical path length using the mirror adjusting mechanism 110. The reference
light beam 506 and the return light beam 508 are combined by the fiber coupler 501-2,
and the combined light beam is led to the spectrometer 111.

The case in which the measurement light beam 507 is blocked by the shutter 116 is
described next. The shutter 116 is controlled by the shutter control unit 117. A signal
for controlling the shutter 116 is output from the computer 112 to the shutter control
unit 117. When the optical path is blocked by the shutter 116, the return light beam 508
is not generated and, therefore, the return light beam 508 does not enter the optical
path. Accordingly, by measuring the spectrum using the spectrometer 111 with the
return light beam 508 blocked, the spectrum of the reference light beam 506 can be
detected. If the spectrum indicates a normal state, one of the average value of pixel
strength signals, the local maximum value, and the local minimum value, and the
derivative value in each section is within the setting range as described in the first and
second embodiments. However, if the computed value is outside the setting range, an
error message is displayed. At that time, it is determined whether the output of the
detector 505 is within a predetermined range. If the output of the detector 505 is within
a predetermined range, it can be determined that the light source 101 does not mal-
function. However, if the output of the detector 505 is outside the predetermined range,
it can be determined that the light source 101 malfunctions.

Note that in place of the shutter 116, the XY scanner 108 can be used to provide a
shutter function. However, the specification of the XY scanner 108 may be changed.
The XY scanner 108 can change a direction in which a light beam travels using the
offset thereof. If the light direction is controlled so that the light direction is outside a
field stop (not shown), the light beam is not output from the housing. In this case,

external stray light does not reach the spectrometer 111.
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In addition, if a mirror is used as the shutter 116, the measurement light beam 507 is
reflected. Accordingly, the spectrometer 111 detects a combined light beam of the
measurement light beam 507 and the reference light beam 506. In such a case, if the
position of the reference mirror is changed, the coherence state is changed. In a normal
state, if the reference mirror 109 stays at the same position, the detected combined light
beam is reproducible. That is, when control is performed so that the reference mirror
109 stays at the same position and if one of the average value of pixel strength signals,
the local maximum value, and the local minimum value, and the derivative value in
each section is not within the setting range, it can be determined that malfunction due
to a state change of the optical path has occurred.

According to the present embodiment, in order to identify the cause of malfunction, a
unit for verifying a signal of the light source 101 is additionally provided. Thus, mal-
function of the light source can be distinguished from malfunction of another
component. If malfunction occurs, the measurement light beam can be prevented from
being output to the outside by controlling the shutter 116.

Fourth Embodiment: Multi-beam Based Optical System

An image pickup apparatus using optical coherence tomography (an OCT apparatus)
according to a fourth embodiment is described next with reference to Fig. 6A. As
shown in Fig. 6A, the whole OCT apparatus according to the present embodiment
functions as a Michelson interferometer.

That is, each of light beams emitted from a plurality of light sources is separated into
a measurement light beam and a reference light beam. Thereafter, the measurement
light beam passes through its own measurement optical path and is emitted onto a
specimen. The return light beam of each of the measurement light beams is combined
with the reference light beam. Thus, optical coherence occurs. By using such a
plurality of combined light beams, an OCT system captures a tomographic image of a
specimen. The OCT apparatus includes such an OCT system.

More specifically, light beams emitted from a plurality of light sources 601-1 to
601-3 are separated into measurement light beams 619-1 to 619-3 and reference light
beams 620-1 to 620-3 by fiber couplers 602-1 to 602-3, respectively. In addition, the
reference light beams 620-1 to 620-3 pass through polarization adjustment devices
603-1 to 603-3 and are separated into light beams for detecting the intensity of light
(light intensity detection light beams) 621-1 to 621-3 and reference light beams 622-1
to 622-3 by the fiber couplers 602-4 to 602-6 (also referred to as "reference beam
separating units"), respectively. The light intensity detection light beams 621-1 to
621-3 are detected by detectors 612-1 to 612-3 (also referred to as "light intensity
detection light beam detecting units"), respectively. In the present embodiment, pho-

todetectors are used as the detectors 612-1 to 612-3. Signals indicating the intensities
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of the light beams output from the detectors 612-1 to 612-3 are input to a computer
618. Note that in place of the computer 618, a dedicated hardware may be used.

The measurement light beams 619-1 to 619-3 pass through the polarization ad-
justment devices 603-4 to 603-6, respectively. Thereafter, the measurement light
beams 619-1 to 619-3 are made incident on an XY scanner 605 via an objective lens
604-1. For simplicity, the description has been made with reference to the XY scanner
605 being a single mirror. However, in reality, an X scanning mirror and a Y scanning
mirror may be disposed so as to be close to each other and may perform a raster scan
over a retina 609 in a direction that is perpendicular to the optical axis. In addition, the
positions of the objective lenses 604-1 and 604-2 are adjusted so that each of the
centers of the measurement light beams 619-1 to 619-3 is aligned with the rotation
center of the mirror of the XY scanner 605.

A light beam output from the XY scanner 605 reaches the retina 609 via the
objective lens 604-2, an objective lens 604-3, and a retina 607 of an eye 608 to be
examined. Return light beams 623-1 to 623-3 scattered and reflected by the retina 609
return to the fiber couplers 602-1 to 602-3 via the objective lenses 604-2 and 604-3, the
XY scanner 605, and the objective lens 604-1. Note that the measurement light beams
619-1 to 619-3 can be blocked by a shutter 610. In addition, the objective lens 604-3
can be moved in the optical axis direction by a focus control unit 606.

In addition, the reference light beams 620-1 to 620-3 pass through lenses 613-1 to
613-3 and dispersion compensating glass members 614-1 to 614-3 and are collected
onto reference mirrors 615-1 to 615-3 by lenses 613-4 to 613-6.

Subsequently, the traveling directions of the reference light beams 622-1 to 622-3 are
changed by the reference mirrors 615-1 to 615-3. Thereafter, the reference light beams
622-1 to 622-3 return back to fiber couplers 602-4 to 602-6 via the lenses 613-4 to
613-6, the dispersion compensating glass members 614-1 to 614-3, and the lenses
613-1 to 613-3, respectively. The reference light beams 622-1 to 622-3 then pass
through the polarization adjustment devices 603-1 to 603-3 and reach the fiber
couplers 602-1 to 602-3. The dispersion compensating glass members 614-1 to 614-3
are used for compensating for the dispersion occurring when the measurement light
beams 619-1 to 619-3 travel back and forth through the eye 608 to be examined with
respect to the reference light beams 622-1 to 622-3. Furthermore, the optical path
lengths of the reference light beams 622-1 to 622-3 can be controlled by mirror ad-
justment mechanisms 616-1 to 616-3, respectively. The reference light beams 622-1 to
622-3 are combined with the return light beams 623-1 to 623-3 by the fiber couplers
602-1 to 602-3, respectively, and are led to a spectrometer 617.

When the measurement light beams 619-1 to 619-3 are blocked by the shutter 610,

the shutter 610 is controlled by a shutter control mechanism 611. A control signal for
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controlling the shutter 610 is output from the computer 618. In a normal mode, the
outputs of the detectors 612-1 to 612-3 are within the ranges set in the first to third em-
bodiments, respectively. If the outputs of the detectors 612-1 to 612-3 are outside the
ranges, an error message is displayed, and the measurement light beams 619-1 to 619-3
are blocked by the shutter 610.

By separating the reference light beam, detecting the intensities of light beams
separated from the reference light beam, and determining whether the intensities are
normal, it can be determined whether the apparatus is in a normal state without
affecting the measurement light beam, that is, without decreasing the quality of the
image.

By employing the above-described configuration and detecting part of the reference
light beam in the reference light path, a light beam that has lost an amount of light
smaller than an amount of light lost when the measurement light beam is made incident
on the specimen can be used to detect the intensity of light. Accordingly, the light
beam emitted from the light source can be efficiently used.

In addition, by separating a light intensity detection light beam from the reference
light beam when the reference light beam travels towards the reference mirror, the
intensity of the reference light beam that varies little can be detected. That is, it can be
correctly determined whether the apparatus operates normally. Note that the reference
light beam reflected by the reference mirror may be separated to generate a light beam
used for detecting the intensity of light.

Fifth Embodiment: wavelength Selection Reflecting Unit

An image pickup apparatus using optical coherence tomography according to a fifth
embodiment is described next with reference to Fig. 6B. Fig. 6B illustrates an image
pickup apparatus that uses a Michelson interferometer. A light beam emitted from a
light source 651 passes through a fiber 652. Thereafter, the light beam is separated into
a reference light beam 663 that travels through a reference arm 676 and a measurement
light beam 664 that travels through a sample arm 677 by a beam splitter 654, such as a
fiber coupler. The measurement light beam 664 and the reference light beam 663 travel
in the fiber 652 until they are transmitted to the air by a lens 653.

The reference light beam 663 passes through dispersion compensating glass 657.
Thereafter, the reference light beam 663 is reflected by a reference mirror 659. Sub-
sequently, the reference light beam 663 passes the dispersion compensating glass 657
again and returns to the beam splitter 654. The reference mirror 659 is movable so that
a mirror control mechanism 660 can control the optical path length of the reference
light path.

The measurement light beam 664 is separated by a beam splitter 672 (also referred to

as a "measurement light beam separating unit"). Like the above-described em-
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bodiment, one of the separated light beams passes through an XY scanner 658,
objective lenses 655-1 and 655-2 and reaches an eye 669 (a specimen). Note that the
objective lens 655-2 is movable in the optical axis direction by a focus control
mechanism 656.

The other light beam separated by the beam splitter 672 serves as an inspection light
beam 666. An inspection light beam propagating unit 678 is used for detecting the state
of the OCT apparatus. The inspection light beam propagating unit 678 includes a
plurality of fiber Bragg gratings 673 (also referred to as a "wavelength selection re-
flecting unit"), a preventing unit 674 that prevents the inspection light beam 666 that
has passed through the fiber Bragg gratings 673 from being reflected towards the beam
splitter 672 (also referred to as a "measurement light beam separating unit"), and a
control member 675 that controls return inspection light beams output from the
plurality of fiber Bragg gratings 673. Any member that prevents reflection can be used
as the preventing unit 674. More specifically, an antireflection film or a light absorbing
element can be used. Alternatively, a mechanism that changes the traveling direction of
a light beam to a different direction, such as a circulator or a light switch, can be used.

The fiber Bragg gratings 673 are described below. A fiber Bragg grating is a fiber
having a function of accurately and precisely reflecting a light beam having a
particular wavelength. By emitting an ultraviolet ray into a fiber through a phase mask
and introducing periodical refractive-index modulation into the core of a fiber, a fiber
Bragg grating is generated. The wavelength of a light beam reflected by a fiber Bragg
grating varies in accordance with a period of refractive-index modulation of the core of
the fiber Bragg grating. In a fiber Bragg grating, the period of refractive-index
modulation varies in accordance with thermal expansion due to an increase in the tem-
perature of the fiber and a variation in stress due to pulling of the fiber. With a
variation in the period of refractive-index modulation, the wavelength interval of a
reflected light beam varies. Typically, a fiber Bragg grating has a temperature de-
pendency having a reflection peak characteristic of 0.01 nm/degrees (Celsius). More
specifically, thermal extension caused by a temperature increase of 10degrees (Celsius)
shifts the reflection peak to the long wavelength side by 0.1 nm. According to the
present embodiment, this phenomenon is used. Therefore, a change in states of the
light source and the spectrometer can be detected in addition to a change in state of a
sample arm of the OCT apparatus.

The above-described phenomenon is described in more detail next with reference to
Figs. 6B, 7A, and 7B. Fig. 7A illustrates an example of an interference signal of the
OCT apparatus. The abscissa represents a sensor pixel, which corresponds to
wavelengths spectrally separated by a spectrometer 661. The ordinate represents the

intensity (the gray level) of the light beam. At that time, when the inspection light
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beam reflected by the fiber Bragg gratings 673 is overlaid on the interference signal, an
interference signal as shown in Fig. 7B appears. That is, an interference signal having
peaks 701, 702, and 703 appears. In addition, it is desirable that a distance between the
fiber coupler 654 and the reference mirror be substantially the same as a distance
between the fiber coupler 654 and any one of the fiber Bragg gratings 673. Note that
the light beams spectrally separated by the spectrometer 661 are detected by a sensor
671 in the form of the intensities of the individual wavelengths. In addition, the
detected intensities are stored in a computer 662.

At that time, it is desirable that the branch ratio of the beam splitter 672 be adjusted
so that the intensity of light branched to the retina increases. This is because the re-
flection intensity of the fiber Bragg grating 673 is much higher than that of a retina
670. For example, it is desirable that the branch ratio of the beam splitter 672 be set to
99:1 ("99" for the branched light beam made incident on the retina). Therefore,
according to the present embodiment, loss of a measurement light beam in the in-
spection light beam propagating unit 678 has little effect.

An increase in the temperature inside the fiber caused by the sample arm is discussed
below. At that time, the period of refractive-index modulation of the fiber Bragg
grating 673 physically connected to the sample arm is changed and, therefore, the re-
flection peak wavelength is shifted. Thus, as shown in Fig. 7C, an overlaid return in-
spection light beam is made incident on a sensor pixel that is different from that in a
normal case. As a result, the peak of the interference signal varies. By providing the
plurality of fiber Bragg gratings 673, the state of the OCT apparatus can be detected in
more detail.

More specifically, as shown in Fig. 7C, if only one of the return inspection light
beams is shifted from a pixel on which the return inspection light beam is made
incident in a normal case (the peak 701 is shifted to the peak 702 on the left), the spec-
trometer or part of the sensor may malfunction. In addition, if the return inspection
light beams are shifted from pixels on which the return inspection light beams are
made incident in a normal case in the same direction (e, g., if three peaks shown in Fig.
7C are shifted to the long wavelength side), an abnormal temperature of the fiber or
shift of the entire sensor may occur. Furthermore, if the return inspection light beams
are shifted from pixels on which the return inspection light beams are made incident in
a normal case in opposite directions (e, g., if the peak 703 shown in Fig. 7C is shifted
to the long wavelength side and the peak 701 is shifted to the short wavelength side),
the spectrometer may malfunction. Still furthermore, if the intensity of the return in-
spection light beam is modulated, the light source may malfunction or the sensitivity of
the sensor may be degraded. In this way, the cause can be roughly determined by the

amount of variation in the peak intensity of the return inspection light beam in the in-
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terference signal.

As described above, by examining the return inspection light beams reflected by the
fiber Bragg gratings, the cause of malfunction of the OCT apparatus can be examined
in detail. In addition, for that reason, it is desirable that a plurality of fiber Bragg
gratings be provided.

The control member 675 that controls the return inspection light beams is described
next. In order to accurately and precisely detect malfunction of the sample arm and the
light source, it is desirable that an inspection light beam propagating unit 678 be
physically connected to the sample arm. In addition, when the eye 669, which is a
specimen, is measured, it is desirable that the return inspection beam be not overlaid by
an interference signal, as shown in Fig. 7A. In addition, in order to increase the
intensity of the returning inspection beam, the control member 675 is necessary.

More specifically, a difference between the levels of each of the pixels shown in
Figs. 7B and 7A can be obtained. If an interference signal contains a time-varying
component, a signal shown in Fig. 7A is acquired a plurality of number of times and
the acquired signals are averaged. In this way, the variation of component with time
can be suppressed to some extent. Alternatively, by disposing a polarized wave
controller in the control member 675, interfere of the reference light beam with the
measurement light beam can be prevented. By intentionally shifting the polarized wave
plane from the reference light beam and the measurement light beam using the
polarized wave controller 675, overlay of the return inspection light beam on the in-
terference signal can be prevented. Alternatively, by using an optical fiber switch, a
direction in which the return inspection light beam travels can be changed when a
specimen is measured.

Other Embodiments

Aspects of the present invention can also be realized by a computer of a system or
apparatus (or devices such as a CPU or MPU) that reads out and executes a program
recorded on a memory device to perform the functions of the above-described em-
bodiment(s), and by a method, the steps of which are performed by a computer of a
system or apparatus by, for example, reading out and executing a program recorded on
a memory device to perform the functions of the above-described embodiment(s). For
this purpose, the program is provided to the computer for example via a network or
from a recording medium of various types serving as the memory device (e.g.,
computer-readable medium).

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the

broadest interpretation so as to encompass all such modifications and equivalent
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structures and functions.
[0112]  This application claims the benefit of Japanese Patent Application No. 2009-151484,
filed June 25, 2009 and No. 2010-061054, filed March 17,2010, which are hereby in-

corporated by reference herein in their entirety.
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Claims

An image pickup apparatus for capturing an image of a specimen using
optical coherence tomography, comprising:

a light source configured to generate a light beam;

a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam;
a detecting unit configured to detect a combined light beam of a return
light beam from the specimen and the reference light beam; and

a switching unit configured to switch between a first mode in which the
combined light beam is detectable by the detecting unit and a second
mode in which the reference light beam is detectable by the detecting
unit;

wherein the image pickup apparatus is switchable to the first mode on
the basis of an intensity of the reference light beam detected by the
detecting unit in the second mode.

The image pickup apparatus according to Claim 1, further comprising:
a comparing unit configured to compare the intensity of the reference
light beam with a setting value;

wherein if the intensity is within a range of the setting value, the second
mode is switched to the first mode, and wherein if the intensity is
outside the range of the setting value, the second mode is maintained.
The image pickup apparatus according to Claim 1, further comprising:
a control unit configured to control the switching unit so that the first
mode is switched to the second mode and vice versa;

wherein the switching unit changes the intensity of the measurement
light beam led to the specimen, or the switching unit changes an optical
path of the measurement light beam.

The image pickup apparatus according to Claim 1, wherein the
switching unit blocks an optical path of the measurement light beam, or
the switching unit controls a transmission ratio of the measurement
light beam.

The image pickup apparatus according to Claim 1, wherein the first
mode is switched to the second mode on the basis of the intensity of the
combined light beam detected by the detecting unit in the first mode.
An image pickup apparatus for capturing an image of a specimen using
optical coherence tomography, comprising:

a light source configured to generate a light beam;
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]
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a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam;
and

a detecting unit configured to detect the reference light beam;

wherein the measurement light beam is led to the specimen on the basis
of the intensity of the reference light beam detected by the detecting
unit.

An image pickup apparatus for capturing an image of a specimen using
optical coherence tomography, comprising:

a light source configured to generate a light beam;

a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam;
and

a light intensity detection light detecting unit configured to detect a
light intensity detection light beam obtained by separating the reference
light beam;

wherein the measurement light beam is led to the specimen or an
intensity of the measurement light beam led to the specimen is reduced
on the basis of the intensity of the light intensity detection light beam
detected by light intensity detection light detecting unit.

The image pickup apparatus according to Claim 6, wherein if the
intensity of the reference light beam is within a range of a setting value,
the measurement light beam is led to the specimen, and if the intensity
of the reference light beam is outside the range of the setting value, the
measurement light beam led to the specimen is reduced in intensity.

An image pickup method for capturing an image of a specimen using
optical coherence tomography, comprising the steps of:

generating a light beam;

separating the generated light beam into a measurement light beam and
a reference light beam;

detecting the reference light beam; and

leading the measurement light beam onto the specimen on the basis of
an intensity of the detected reference light beam.

The image pickup method according to Claim 9, further comprising the
step of:

comparing the intensity of the detected reference light beam with a
setting value;

wherein if the intensity of the detected reference light beam is within a
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[Claim 13]
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range of the setting value, the measurement light beam is led to the
specimen, and wherein if the intensity of the detected reference light
beam is outside the range of the setting value, the measurement light
beam is not led to the specimen.

An image pickup method for capturing an image of a specimen using
optical coherence tomography, comprising the steps of:

generating a light beam;

separating the generated light beam into a measurement light beam and
a reference light beam;

detecting a light intensity detection light beam obtained by separating
the reference light beam; and

one of leading the measurement light beam to the specimen and
reducing an intensity of the measurement light beam led to the
specimen on the basis of the intensity of the detected light intensity
detection light beam.

The image pickup method according to Claim 11, further comprising
the step of:

comparing the intensity of the light intensity detection light beam with
a setting value;

wherein if the intensity of the detected light intensity detection light
beam is within a range of the setting value, the measurement light beam
is led to the specimen, and wherein if the intensity of the detected light
intensity detection light beam is outside the range of the setting value,
an intensity of the measurement light beam led onto the specimen is
reduced.

A program comprising:

program code for causing a computer to perform the image pickup
method according to Claim 9.

An image pickup apparatus for capturing an image of a specimen using
optical coherence tomography, comprising:

a light source configured to generate a light beam;

a separating unit configured to separate the light beam emitted from the
light source into a measurement light beam and a reference light beam;
a wavelength selection reflecting unit configured to receive an in-
spection light beam obtained by separating the measurement light
beam; and

a detecting unit configured to detect a combined light beam of a return

inspection light beam from the wavelength selection reflecting unit and
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the reference light beam.

The image pickup apparatus according to Claim 14, further comprising:
a measurement light beam separating unit configured to separate the
measurement light beam and obtain the inspection light beam;

wherein an optical path starting from the measurement light beam
separating unit to the wavelength selection reflecting unit is formed
from a fiber, and wherein the wavelength selection reflecting unit is

formed from a plurality of fiber Bragg gratings.
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